The design, energy analyzer fabrication techniques and first test results of a new type of micromachined for charged particles are presented. '1'he novel design is based cm a Bessel Box straight-line geometry with focusing in one dimension. The problem of small acceptance area due to the drastically reduced overall dimensions is accounted for by the use of a parallel array of small analyzers simultaneously. We describe the fabrication of a proof-of-concept micromachined Bessel Box array by means of an isotropic wet-etching of <110> silicon, and we present ray-tracing simulations for a simple geometry. Finally we show so;ne test results of Auger electrons and discuss possible applications of generic small charged particle analyzers. 
I. Introduction
-.-Electrostatic lenses for charged particles optics are usually bulky but of fairly simple shape and they have to be machined with stringent tolerances. Fundamental limitations such as spherical aberrations result in lens diameters much larger than the useful beam width, e.g. in.* electron microscopy. There are however, a number of applications where electrostatic lenses could be reduced significantly without loss of performance. special interest has been identified with the mass and energy detection of ions and the general context of building smaller spacecraft for the robotic system and outer space, the reduction of mass, volume and power badly needed. However, the signal level of telescopes and detectors exploration the size <of One area of electrons. In of the solar of scientific payloads is is usually proportional to the acceptance area and hence one would like to have this instrument dimension large in order to collect as much signal as possible. Consider a chargeci particle detector with given volume, mass and aperture area ( Figure 1 ). By sitnply reducing the linear dimensions of the device by a factor of n the volume and the mass scale down by r?. However, the area of the aperture scales down as nz and thus the smaller device collects n times more signal per unit mass (and unit volume). If we therefore recover the original signal level by using a 2-dinlensional array with n 2 small devices, this array has the same acceptance area M the original device but its mass and volume are smaller by a factor of n each. Whenever the reduction of the aperture size has no other severe drawbacks (e.g. in a diffraction limited telescope) the use of an array of small instruments replacing a large one offers an interesting solution for building smaller and lighter instruments without loss of signal. The currently developed techniques of micromachining three-dimensional structures with very high precision offer a method to reduce the size of electrostatic analyzers significantly. ."
The conventional Ikssel Box
A diagram of a Bessel Box acting as an energy (i.e. energy/charge for multiple charged ions) bandpass filter for charged particles is shown in Figure 2 . Bessel Boxes as introduced by
Allen et. al. [1] are very simple electrostatic analyzers with a straight-line geometry. The basic concept is a can with two holes, one on top and one on the bottom representing the entrance and the exit apertures, and a beam stop in the center of the device [2] . Other designs use q additional entrance and exit lenses as published by Lindau et. al. [3] . Iaw-energy cutoff is-< achieved by applying a DC vcdtage AV on' the end caps against the central cylindrical part of the box. The charged particles entering the box are thus forced to pass a potential barrier before reaching the exit aperture. A central beam stop prevents high-energy, on-axis particles from passing +e filter and results in a high-energy cutoff, because the high-energy off-axis particles are not deflected by a sufficient amount to be focused into the exit aperture. The bandpass ~ of the energy filter will be centered just above the height VP of the central potential barrier, whereas the energy resolution is a function of the geometrical dimensions and scales linearly with the potential difference AV between the two end caps and the middle part.
Typical dimensions of a conventional Bessel Box are about 10 cm in length and 5 cm in diameter. This is large compared to recently published reports of micromachined electron optical systems [4, 5, 6 ]. -
III. 'I'he micromachincd Bessel Box
We have designed and built a micromachined Bessel Box with a length of 2.6 mm and a width of 0.8 mm. The first version of our design has a twofold rather than a cylindrical symmetry. The reason compatibility with the anisotropic etching [7] .
acts as an energy direction (y). Our this simple linear fiiter for the restriction to the l-dimensional focusing geometry was the crystallographic planes in the silicon crystal, which we chose for Given the twofold symmetry of the <110> crystal face, the device in one direction (x), whereas no focusing occurs in the perpendicular first pro~f-of-concept prototype is an array of four micro Bessel Boxes with ." geometry ( Figure 3 ). The lateral distance between adjacent entrance slits is 
Iv.

We
Experimental Tests
have performed experimental tests with a "shielded" version of the micro Bessel Box.
The shielding cQnsisted of placing two grounded grids (0.3 mtn mesh size) at a 1 mm distance from the two end caps (B 1) of the analyzer. We used ray-tracing calculations for studying the focusing effects on the electron trajectories. The shield distance was calculated for a maximum voltage of 500 volts applied to @l), so that no penetrating fields will distort the motion of the electrons entering the Bessel Box and thus the resolution of the analyzer. The wire diameter of the grids is small (25 micrometers) compared to the width of the slits (100 micrometers) of the anal yzer. The grids constitute two arrays of grounded apertures for the array of micro lenses.
Experimental tests have been carried out using a set-up (Figure 8 ) consisting of an electron gun, a sample holder, the shielded micro Bessel Box and a secondary electron detector. l'he entire system was operated at a pressure of 6x1 O-8 Torr obtained with a 20 1/s ion pump. The electron optical anal ysis of the electron gun has been carried out for electron imaging at a moderate spatial resolution (20 microns). An aluminum-made holder has been designed to accommodate 1 cmQ samples at a 450 angle with respect to the electron beam.
Also assembled on the same holder are the energy filter and the secondary electron detector.
The later is a Faraday cup provided with a grid biased slightly negative to prevent the escape of secondary electrons. The current of collected ." electrometer.
."
Initially, the incident electron beam has been electrons is then amplified and read on an focused to roughly 1 mm spot size using a phosphor screen at the sample location.
and graphite were used to demonstrate
The electron current is estimated to be 100 nA [9] . Cu the operation and also to establish accurate calibration of the analyzer. Figure 9 shows electron spectra of copper and graphite, recorded in the kinetic energy of interest, in the integral form (left-hand side) and in the more familiar first derivative form (right-hand side). In the integral form, the low energy part of the secondary electron distribution can be seen as a large, very broad peak at a ,,
." ."
VIII. Figure Captions
The basic idea of recovering acceptance area at reduced mass and volume by applying 'an ã rray of micromachined devices. . < ,, ,.. showing the electron gun, the sample, the Energy spectra of electrons ejected from graphite (top) and copper (bottom) surfaces shown in the integral form (left-hand side) and in the first derivative form (right-hand side). 
